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Introduction

Abstract

Introduction: While a wound caused by a minor cutaneous incision routinely heals in a short
time, wounds from major surgical operations might need numerous days to heal and may leave an
obvious cicatrix. The use of blue light therapy (BLT) to destroy infectious microorganisms and disrupt
biofilm formation could be an efficient method for healing ulcers. This systematic review focused on
the effects of BLT in different preclinical in vivo studies and clinical models of skin wound healing.
Furthermore, this study attempted to determine what main light parameters should be tested in
preclinical and clinical studies.

Methods: The online databases PubMed.gov, Google Scholar, Scopus, Web of Science, and
Cochrane were searched using the keywords “blue light” and “wound healing” according to PRISMA
guidelines. No publication time limit was enforced.

Results: A total of 858 articles were identified, and 17 articles in three distinct categories were
included for review. They comprised two articles on humans, fourteen articles on healthy animals,
and one article on diabetic animals.

Conclusion: Some studies have shown that the application of BLT on preclinical and clinical
models of wound healing in vivo is able to significantly accelerate the healing process. Few studies,
however, have explored the bactericidal effect of BLT on skin injury repair in burn patients. Further
preclinical investigations designed to provide a better understanding of the bactericidal effect of BLT
using standardized protocols, different BLT wavelengths, and different stages of the wound healing
process of infected wounds and ulcers in healthy and diabetic animals should be carried out before
clinical trials can be considered. BLT could eventually be a good option for treating infected chronic
wounds, including those in diabetic patients.

Keywords: Photobiomodulation; Phototherapy; Wound healing; Ulcer; Review.

in their advancement over the usual course of healing.

While a minor cutaneous incision routinely heals in a short
time, wounds resulting from major surgical operations
might need many days to fully heal and often deposit
an obvious cicatrix. In the most severe cases, chronic
wounds are a major problem all over western countries.’
Wound healing includes the spatial and chronological
harmonization of many kinds of cells with different
properties involved in the inflammatory, proliferative,
and maturation stages of wound healing.?

For a skin defect to cure well, all four stages of wound
healing should happen in good order and at appropriate
intervals.* Many issues can interfere with wound
healing by disturbing one or more stages of the healing
process, contributing to the overall delay of healing.
Skin injuries which display delayed healing can be
hindered acute injuries or chronic ulcers and often stall

Most ulcers are characterized by prolonged or extreme
inflammation, continuous microbial contamination, and
the inability of skin cells to respond to restorative stimuli.’

Almost 2.5% of the entire USA population will
experience ulcers during their lifetime,° and medical
expenses for the management of acute skin injuries and
ulcers have been estimated to be about $62.5 billion.”
More importantly, ulcers normally shelter dangerous
microbial biofilms, which are resistant to systemic and
local antimicrobial therapy. Various schemes have been
widely developed to propose recommended antibiotic
applications and to control the development and increase
of bacterial resistance; however, novel antibacterial
methods currently require a further appraisal.®

A growing number of patients are seeking conservative
approaches to improve clinical and cosmetic skin
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conditions, including wound healing.® Many patients
welcome new advances in the use of photobiomodulation
(PBM) and light-emitting diodes (LEDs) for numerous
medical, clinical, and beauty applications. Depending
upon the desired chromophore, different wavelengths of
light can be employed."

Several studies have confirmed the beneficial properties
of light of diverse wavelengths on skin injury repair.!' Blue
light wavelengths range from about 380 nm to 460 nm.
Blue light therapy (BLT) has been extensively applied for
managing cutaneous diseases and for accelerating skin
injury repair.*?

Researchers have found that the application of BLT to
the skin has bactericidal,” anti-contamination,!* and anti-
inflammatory® effects. Consequently, antimicrobial BLT
(aBLT) has shown an extensive variety of anti-bacterial
effects against gram-positive and gram-negative bacteria.
The details of its mechanism of action are not yet entirely
known, but it is assumed that it relies on photodynamic
effects following the light excitement of endogenic
microbial chromophores.'®'” The preliminary favorable
results of BLT applications have directed researchers
toward the expansion of phototherapy as well as PBM
therapy in wound healing."

Several recent review articles have stated the importance
of using blue light to accelerate wound healing.'%!8*

The effects of BLT on skin wound healing have received
much notice during the previous two decades. Despite
favorable results in the majority of these investigations,
there is still no established protocol for BLT. To the extent
that we have studied, our work is the first systematic
review of the influence of BLT on preclinical models and
clinical studies of wound healing.

Regarding too much studies which were performed
on both in vitro, and in vivo (preclinical) models, in this
systematic review investigation, it was focused on the
effect of BLT on different preclinical and clinical models of
skin wound healing to cover all in vivo studies which were
done. Furthermore, we tried to discover the healing ability
of light protocol of BLT on the wound healing evaluating
methods, and attempted to grasp main light factors that
are necessary to be deliberated in preclinical and clinical
studies. According to our findings, we could select the
most effective light factors of BLT for accelerating wound
healing and likewise inspire upcoming investigations to
use these required light factors of BLT.

Materials and Methods
Procedure

This systematic review followed the guidelines of
PRISMA.

Acceptability and Inclusion Criteria
All original articles that investigated the influence of BLT
on skin wound healing in preclinical and clinical studies

in vivo were eligible for inclusion.

Exclusion Criteria

Review articles including systematic and narrative
reviews, meta-analyses, news, editorials, case reports,
letters to the editor, and conference papers were excluded.
Studies in which BLT was used to treat clinical conditions
other than skin injuries or ulcers, studies that lacked data
on blue light parameters such as wavelength, duration,
energy density, wound site and depth, studies for which
the complete report was not provided and languages
other than English were used, and studies performed on
cell culture systems were all excluded.

Search Stratagem

The online databases of PubMed.gov, Google Scholar,
Scopus, Web of Science, and Cochrane were searched
using the keywords “blue light” and “wound healing;” no
publication time limitation was imposed.

Study Selection Strategy

For article selection, these three steps were performed:

1. Articles whose titles met the inclusion criteria were
included; duplicates were eliminated.

2. The abstracts of the selected articles were studied.

3. Any article that did not satisfy the inclusion criteria
based on the content of the full text was excluded. In
this step, two reviewers assessed the full text of each
article separately. Any disagreement between the two
reviewers was resolved by the third author.

Data Collection

Critical data were extracted from the selected studies,
including (1) first author surname and release date of
the paper; (2) studied animal and its species; (3) main
BLT parameters such as wavelength (nm), duration and
number of irradiations of light delivery method, and
energy density; (4) site and depth of skin injury; (5) main
results and/or conclusions; and (6) organizational score
of each study.

Organizational Score of the Study

The quality of data reporting was evaluated for the
existence of the following in the articles: randomization,
blinding, conflict of interest statement, and ethical
approval. While each case was observed, a 25% score was
added to the organizational score of the study.”

Results

This review identified 244 articles on PubMed, 100
on Google Scholar, 319 on Scopus, and 195 on Web of
Science databases for a total of 858 articles, 760 of which
remained after duplicate studies were eliminated (98 cases).
Subsequently, abstracts and full texts were screened, and 17
articles were included in this systematic review (Figure 1).
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Figure 1. PRISMA Flow Chart of Article Gathering Course .

Description of Studies

To evaluate more deeply the impact of BLT in preclinical
and clinical studies, we separated the accepted articles
into three distinct categories, comprising two articles on
humans (Table 1), fourteen articles on healthy animals
(Table 2), and one article on diabetic animals (Table 3).

Effect of BLT on Wound Healing in Humans

Fraccalvieri et al at 2022 determine impact of BLT plus
regular care of ulcers in relation to regular care alone in
encouraging new epidermal cell formation of ulcers of
lower limb in 8.5 months. Fraccalvieri et al concluded
that BLT plus regular care hurries wound healing course
of ulcers, particularly venous leg ulcers and surges the
probabilities of entire wound healing in 8.5 months.?' In
2021, Dini et al tried to stimulate the healing course in
20 non-healing ulcers using a moveable LED array device

Table 1. Studies on the Effect of Blue Light Therapy on Wound Healing in Humans

that radiated blue light. They concluded that LED BLT
favorably encouraged skin injury repair, improved the
wound bed score (WBS), and decreased patient reports of
soreness® (Table 1).

Effects of BLT on Wound Healing in Healthy Animals

In 2021, Lu et al designed special sticky hydrogels for the
instant management of bleeding from non-compressible
wounds. They concluded that the novel properties of the
adhesive hydrogels, such as rapid gelling and bactericidal
activity under the influence of BLT, suggested beneficial
applications for skin injury repair.”® In 2022, Lv et al
assessed and compared the healing effects of red light
therapy (RLT) with those of BLT from LED devices
on numerous drug-resistant bacteria in vitro and in
infected wounds in rats. PBM therapy showed potentially
significant improvement in healing infected wounds,

First Author,
Publication Year

Probable Disease; Type and Location of
Wound

BLT Parameters

Methodological

Main Results and/or Conclusions Quality of Study

BLT, range of wavelength
between 410-430 nm, 60
seconds, 120 mW/cm?; 7.2 J/ formation in ulcers of lower limbs
cm2, weekly treatment.

90 Patients with vascular or non-healing

Fraccalvieri, 20222 . .
surgical dehiscence ulcers

20 Patients with ulcers (12 patients with
venous foot ulcers, 6 patients with skin
vasculitis, 2 patients with traumatic ulcers)
resistant to regular therapy.

Dini, 2021*

BLT, range of wavelength
between 400 - 430 nm, 120
mW/cm?.,

BLT plus standard care of ulcers

. 50%; randomization
accelerated new epidermal cell

and blinding were

39 2.5 (TGS, not mentioned.

50%; randomization
and blinding were
not mentioned.

BLT encouraged wound healing,
improved WBS, and decreased
soreness in patients.

All light was radiated from LED devices.
Abbreviations: WBS, wound bed score; BLT, blue light therapy.
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Table 2. Studies on the Effect of Blue Light Therapy on Wound Healing in Healthy Animals

First Author,
Publication Year

Probable Disease; Type and
Location of Wound

BLT Parameters

Main Results and/or Conclusions

Methodological Quality
of Study

Adult male rats; wounds were

BLT (465 nm) and

RLT and BLT both showed effects

25%; conflicts of
interest and medical

" . ; .
L A0 1nf<?cted il V’fmous el RLT (625 nm, 75 mW/cm?). against drug-resistant bacteria. ethics were not
resistant bacteria. .
mentioned.
Adhesive quick gelling h |
Adult male rats; there were 4 photocurable chitosan bio-ink dhesive quic setiing ydroge S 50%; medical ethics
N . . . ; . showed hemostasis, bio-adaptability, ) .
Lu, 2022% full-thickness round excisional  hydrogels were irradiated with BLT . . and conflicts of interest
and bactericidal properties under )
wounds. (405-nm, 10-30s). . were not mentioned.
BLT for wound healing.
Rabbits; 3 round full-thickness 50%; blinding and
. / m? | i g
Li, 2016* skin wounds on the rabbit’s RLT (630 nm, 50 mW/cm?) and BLT The results of BLT on wound healing conflicts of interest

(460 nm, 50 mW/cm?). were inferior to that of RLT.

back were generated. were not mentioned.

50%; randomization
and conflicts of interest
were not mentioned.

Adult rats; four abrasions made
on the skin on the backs of rats
were generated.

The irradiated injuries displayed
a decreased inflammation and a
greater amount of collagen.

- 2
Cicchi, 2016% BLT (410 nm - 435 nm, 1.27 W/cm?,
25s).
50%; randomization
and blinding were not

One female adult (13-year-old)
horse with an infected back

BLT (460 nm, 250 mW, 20 minutes)

plus ANPs at 16 mg/g was formulated Combination therapy was effective in

Nour, 2016’ .
the management of an infected ulcer.

ulcer. in a cellulose gel. mentioned.
Ten, 12-month-old female RLT (685 i 4 sources, 0.05 W per Combined RLT and BLT augmented
- source, diameter of aperture 0.15 cm) . R R
Minipigs; one BLT (470 nm, 13 sources, 0.016 W increased new epidermal formation
Figurova, 2016% incision, 10 cm in length, was 4 r and intermolecular connections 100%

source, 0.008 W/cm?)

h k of each
created on the back of eac Both LEDs continuous mode; 420 s;

between collagen fibrils compared to

minipig. energy density per session: 3.36 J/cm’. sham irradiated control wounds.
Male rats; LED therapy of ischemic tissue
. skl.n flap in the inferior BLT (470 nm, TW); RLT (629 nm, 1 W), ghhanced t.he m.ltlal stePs of skin 750 o P o et
Dungel, 2015 epigastric injury repair by increasing new .
50 mW/cm?, . mentioned.
neurovascular bundle was blood vessel formation regardless of
created. the wavelength.

BALB/c mice; a full-thickness
scald was created utilizing a
preheated brass block (95°C,
7 s) and infected with drug-
resistant bacteria (10" CFU of
Acinetobacter.

baumannii).

50%; randomization
and blinding were not
mentioned.

BLT (415 nm, 14.6 mW/cm?, 55.8 J/
cm?).

BLT significantly decreased the

30
Zhang, 2014 microbial burden in scald wounds.

BLT (470 nm, 3.55 mW/cm?, 60
minutes/day for 9 days, continuous);
GLT (525 nm, 4.02 mW/cm?), RLT (633
nm, 6.78 mW/cm?).

Adult male rats; two round
wounds (1 in diameter) were
made in each animal.

RLT, GLT, and BLT all had a positive
effect on skin injury repair and could
substitute for low-level laser therapy.

0%; All items were

Cheon, 2013°" .
missed.

Adult BALB/c mice; a full-
thickness degree scald was
created and infected with drug-
resistant bacteria (3 x 10° CFU
of P aeruginosa).

BLT could be an effective and safe
alternative to pharmacologic therapy
for Pseudomonas

aeruginosa scald infections.

BLT (55.8 J/cm?, 14.6 mW/cm?, 62
min).

0%; All items were

Dai, 20133 .
missed.

Adult mice; a round full
thickness excisional wound (8
mm diameter) was created on
the back of mice.

BLT (456 nm, 0~2.31 W, 0~0.3 mW/
cm?); GLT (518 nm, 0~2.28 W, 0~0.25
mW/cm?, 0.3 J/cm?); RLT (638 nm,
0~2.52 W, 0~0.65 mW/cm?).

GLT stimulated skin injury repair
by promoting migration and growth
mediators.

50%; blinding and
conflicts of interest
were not mentioned.

Fushimi, 20123

Adult male

Rats; two circular excisional
wounds (full thickness) were
made on the back of each rat.

BLT could have a significant effect on
normal skin injury repair by affecting
keratin expression.

Adamskaya,
20113

BLT (470 nm, 1 W, 10 min); RLT (629
nm, TW, 10 min).

25%; only medical
ethics considered.

The experimental group was subjected
to BLT

(30-40 pW/cm? per

nm, the distance of the target from the
source: 45 cm).

RLT (700 nm,

15 mW, spot diameter 16 mm); GLT
(530 nm, 8 mW, spot diameter 16
mm); BLT (460 nm, 22 mW, spot
diameter 16 mm).

50%; blinding and
conflicts of interest
were not mentioned.

VEGF was decreased in neonatal rat
skin under the influence of BLT.

Neonatal rat; one incision was

35
Soyer, 2011 made on the back area.

RLT and GLT displayed a significant
increase in fibroblast numbers
compared to the control group.

Adult male rats; one 1x1 cm
skin wound was created.

de Sousa,

0,
20100 100%

All light was from LED devices.
Abbreviations: RLT, red light therapy; AgNPs, silver nanoparticles; CFU, colony-forming unit; GLT, green light therapy; BLT, blue light therapy; VEGF, vascular
endothelial growth factor; LED, light-emitting diode.
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Table 3. Studies on the effects of Blue Light Therapy on Wound Healing in Non-healthy Animals

First Author,
Publication Year

Probable Disease; Type and

i LT P
Location of Wound BLT Parameters

Methodological

in Resul lusi .
Main Results and/or Conclusions Quality of Study

A 5.0 cm? array of 99 LED

Adult diabetic rats; A 2-cm-
sources;

diameter skin defect was
made. Four groups: control,
RLT, BLT, and RLT +BLT

Cai, 2022%

(630 nm, 0.004 W/cm?).

each diode could deliver BLT
(460 nm, 0.004 W/cm?) or RLT

Photobiomodulation with a mixture of BLT +RLT
had a synergistic effect on skin injury repair

in diabetic rats and could be a more effective
approach to skin ulcer repair in diabetic patients

75%; blinding was
not mentioned

All light was radiated from light emitting diode (LED) devices.

Abbreviations: RLT, red light therapy; BLT, blue light therapy; LED, light-emitting diode.

suggesting it could be a cheap, available, painless, and
safe intervention for drug-resistant infected wounds.”
In 2016, Li et al investigated the histological foundation
of the healing effect of PBM (RLT, BLT) and the
correlation between the duration of irradiation and the
PBM effect of different LED wavelengths in an albino
rabbit ear skin wound model. They reported that the
effect of BLT on skin wound healing was inferior to that
of RLT. This investigation offered a justification for the
probable benefits of LED therapy in medical settings.”
In 2016, Cicchi et al investigated the effects of a blue-
LED hemostatic device on mechanical abrasions on
the backs of rats. The irradiated area showed decreased
inflammation and increased connective tissue fibers.
The blue LED produced a photothermal effect on
cutaneous injuries.”® Also, in 2016, Nour et al examined
the potential use of silver nanoparticles (AgNPs) in
combination with BLT against numerous drug-resistant
bacteria (Pseudomonas aeruginosa) in culture systems
and in an animal model. They stated that the combined
treatment had not previously been examined. They
reported that their combination treatment was effective
in handling contamination with numerous drug-
resistant bacteria and could be applied as an alternative
to standard pharmacologic treatment.?” In 2016, Figurova
et al histopathologically evaluated the effect of PBM (laser
therapy plus LED) on pig cutaneous wound healing.
Their combination therapy increased new epidermal cell
formation and the creation of intermolecular connections
between collagen fibrils compared to sham-treated
wounds.® Dungel et al evaluated and compared the
effects of LED BLT and LED RLT on skin wound healing
in an ischemic flap model in rodents. They concluded
that LED treatment of ischemic tissue increased the early
healing of flaps by stimulating new blood vessel formation
regardless of the wavelength. They suggested that this
could be a conservative approach and an economical
modality for the treatment of complex wounds.” In 2014,
Zhang et al investigated the use of bactericidal BLT against
contamination with drug-resistant bacteria (Acinetobacter
baumannii) in a scald wound mouse model. BLT (55.8 J/
cm?) significantly decreased the microbial burden, and no
noteworthy apoptosis was observed in the skin of mice
using a TUNEL assay after BLT (195 J/cm?).** In 2013,
Cheon et al investigated the therapeutic effects of RLT,

green LT (GLT), and BLT from separate LED devices on
an excisional wound model in rats. They concluded that
RLT, GLT, and BLT all had positive effects on skin injury
repair and could possibly substitute for laser therapy.
Dai et al reported the efficacy of BLT (415 nm) for
treating fresh, possibly fatal scald contaminations in mice.
Survival studies revealed that BLT increased the viability
rate of contaminated mice from 18% to 100%. Dai et al
suggested that BLT could be an operational and harmless
substitute for routine pharmacological treatment for P
aeruginosa in contaminated scald wounds.*> In 2012,
Fushimi et al explored the effects of RLT (638 nm), BLT
(456 nm), and GLT (518 nm) from LEDs on skin injury
repair. They reported that LED GLT encouraged skin
injury repair by enhancing migration and cell signaling
and suggested that not only LED RLT but also LED GLT
could be a beneficial, novel approach for skin injury
repair.”® In 2011, Adamskaya et al explored the effects of
BLT and RLT from LEDs on the healing of an excisional
wound model in rats. They reported that BLT significantly
stimulated skin injury repair. They proposed that
phototherapy could significantly improve the function
of normal wound healing through keratin formation and
could provide a simple, valid, harmless, and economical
approach for managing superficial wounds.** In 2011,
Soyer et al evaluated the effect of light therapy on cytokine
expression levels in the wound healing of the skin in
newborn rats. They reported that vascular endothelial
growth factor (VEGF), a mediator of new blood vessel
formation, was reduced in the skin of newborn rats after
phototherapy. They suggested that the lower values of
VEGF after light therapy might alter new blood vessel
formation and unfavorably disturb the healing of skin
in infants.*® In 2010, de Sousa et al histopathologically
evaluated the fibroblast proliferation in back skin wounds
in rats irradiated with LEDs of three different wavelengths
and without irradiation. They reported that LED RLT
and LED GLT increased fibroblast proliferation when
compared with the control group® (Table 2).

Effect of BLT on Wound Healing in Diabetic Animals

In 2022, Cai et al designed a complete skin injury model
in diabetic rats and a high glucose endothelial cell culture
system to explore the effects of PBM with a mixture of
RLT and BLT on wound healing in diabetic subjects. They
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concluded that PBM with RLT plus BLT had a synergistic
effect on skin injury repair and could be a more effective
approach to skin ulcer repair in diabetic patients®
(Table 3).

Discussion

We have surveyed published literature without any
publication date limitations pertaining to impact of blue
light on wound healing and have focused on preclinical
and clinical models. Some important points that could
hold back the development of this field were highlighted.
Firstly, only in two original studies did researchers
examine the effects of BLT on skin injury repair in
patients, and only one study evaluated the effect of BLT
on a diabetic model in a preclinical animal model.

Secondly, inspection of the light parameters in the
included studies revealed that some parameters were
poorly characterized and ill-defined. In other words,
inconsistent use of units, such as mW/cm?, minute, J, and
uW/cm?, was observed. In addition, the ranges of power
density and energy density used for stimulating skin cells
were very wide: 50 mW/cm?* up to 1.27 W/cm? 3.36 J/cm?
up to 55.8 J/cm?.

Inconsistencies were also found in the literature
regarding the effect of LED BLT on wound healing. While
Abe et al and Li et al (first group) showed that RLT had
a superior effect on skin injury repair than that of BLT*
and increased recovery of the epidermal barrier,® Dungel
et al, Zhang et al, Figurova et al, and Cheon et al (second
group) had different conclusions and reported that
isolated LED irradiation with both wavelengths of red and
blue light significantly increased angiogenesis and tissue
perfusion up to 168 hours after ischemic damage® and
improved wound healing,”®*' and they also showed that
BLT was more effective than RLT.*

More details on the above-mentioned inconsistencies
are given here. In the first study of the first group, Abe et
al reported that PBM (40 mW/cm?) stimulated retrieval
of the epidermal barrier of the skin in a porcine skin
sample. The researchers observed an accelerated recovery
of the epidermal barrier by radiation of RLT; however, the
radiations of BLT were ineffective in accelerating barrier
recovery.”® Similarly in the second study of this group, Li
et al induced three skin wounds in each rabbit, of which
two wounds were radiated by RLT (630 nm, 50 mW/cm?)
and BLT (460 nm, 50 mW/cm?) respectively, and the
third one was the control. Li et al found that the results
of RLT in terms of wound closure ratio, collagen fiber,
skin thickness, and expression of growth factors were
considerably better than those in other groups. Li et al
concluded that BLT achieved poorer wound healing than
RLT, and RLT seemed to hasten wound healing.”®

On the other hand, in the first study of the second group,
Dungel et al found that LED radiation (BLT, and RLT)
meaningfully augmented new blood vessel formation in

the papillary part of dermis and intramuscularly (skin
muscle) which was linked with meaningfully better
tissue perfusion seven days after the ischemic damage.
Therefore, tissue death was meaningfully decreased and
contraction meaningfully minus marked in the LED-
radiated groups of both lights.”

Concurrently, Zhang et al investigated the utility of
antimicrobial BLT (415 nm, 14.6 mW/cm2, 55.8 J/cm?,
one shot) for multidrug-resistant Acinetobacter baumannii
infection in a mouse burn model. They found that the
multidrug-resistant A. baumannii strain was considerably
more vulnerable than keratinocytes to BLT inactivation.
Zhang et al also found BLT-induced ultrastructural
damage in A. baumannii cells.*®

In the third study of this group, Figurova et al evaluated
the effects of PBM with a combination of PBM plus LED
on pig dermal injury repair from a histological point of
view. They found that PBM (RLT and BLT) increased
new epidermal cell formation and the creation of more
intermolecular connections between collagen fibrils
compared to sham-treated wounds.

In the fourth study of this group, Cheon et al used male
rats in one control group and three LED therapy groups,
i.e. RLT, GLT, and BLT for accelerating the wound healing
process. They observed that using BLT (P<0.05) was
more effective than using RLT (P>0.05). The RLT-GLT-
BLT-irradiated groups had more collagen and also had
a beneficial effect on skin injury repair compared to the
control group and could possibly be a substitute for PBM.

The red LED (wavelength range between 620 nm—770
nm) has the maximum penetration (up to 0.6 cm below the
skin surface) among all the LEDs available in the market
(yellow, green, and blue).”® Moreover, the capability to
directly affect dermal fibroblast proliferation®®* made
RLT useful for the management of cutaneous injury repair.
The results suggested a possible direct effect of RLT on the
growth of dermal fibroblasts*! as well as new blood vessel
formation.** This action occurs chiefly through PBM,
in which RLT affects the mitochondria and increases
the activity of intracellular enzymes, encourages cell
proliferation and metabolism, and therefore accelerates
skin injury repair.*® On the other hand, we should note
that both the absorption and the scattering of light in
tissue are much higher in blue light than in red light.**

aBLT is a light-based approach that exerts inherent
bactericidal effects without the participation of any
exogenous photosensitizers.” Our systematic review of
the literature revealed that while there was no study on
the effect of BLT on infected skin wounds in healthy and
diabetic patients or animals, in only two available studies
did researchers report beneficial effects of BLT on burns
infected with multidrug-resistant A. baumannii®® or P
aeruginosa.’® In the second study, BLT also prevented
the occurrence of fatal bacteremia in the mice. In this
situation, Fink etal emphasized that the P. aeruginosa strain
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could be fatal to mice.* Lacking a cure, the bacteria could
invade deep into the mouse tissue and reach the blood
circulation within hours, leading to bacteremia and death
in the mice. Dai et al also examined the BLT inactivation
of P aeruginosa. Transmission electron microscopy
images showed that BLT destroyed P. aeruginosa cells by
causing vacuoles inside the cytoplasm, suggesting that the
bacterial death was caused by intracellular chromophores
activated by BLT.¥

To identify and measure intracellular porphyrins,
Dai et al recommended that future investigations
should be performed utilizing high-performance liquid
chromatography or capillary electrophoresis coupled with
authentic porphyrin standards.*

Because of the increasing worldwide problem of
antibiotic resistance, there is a serious necessity to
discover alternative therapies for infectious diseases.*”
Moreover, the use of BLT for infections is of crucial
significance for both military and civilian medicine.
Currently, antimicrobial resistance could cause wound
infections which cannot be cured with current antibiotics.
Recently, a dangerous new enzyme (New Delhi metallo-
B-lactamase 1), which creates some bacterial resistance
to carbapenems (antibiotics administered as a last option
when common antibiotics are unsuccessful) was observed
in patients in the USA.*® Many clinicians are concerned
about rapidly developing microbial wound infections
which might not be curable, as was common in the days
before the antibiotic era began.” Consequently, there is a
great demand for progress in alternative approaches for
various drug-resistant bacteria, to which microbes will
not be capable of developing resistance (e.g., antimicrobial
BLT). A new non-antibiotic treatment, i.e. aBLT, is
attracting increasing attention.”

In their 2022 review article, Leanse et al stated that BLT
has the advantage of being more damaging to bacteria
than to host cells, which could be in accord with Ehrlich’s
principles of the “magic bullet” Its ability to be combined
with other modern or outdated antimicrobial approaches
further confirms its probable utility as an antimicrobial
treatment. It is obvious that while aBTL is safe and effective
in curing contamination and certainly has a bright future,
the beneficial window needs more definition as well as
confirmation in human studies.” Wang and Dai stated in
their review article that it is generally assumed that the
bactericidal property of aBLT can be attributed to the
existence of endogenous photosensitizing chromophores
inside bacterial cells that create cytotoxic reactive oxygen
species after light irradiation. A large number of common
bacterial species have been observed to be vulnerable
to aBLT inactivation. In vivo investigations have also
revealed that infected sites occur where microorganisms
are inactivated by aBLT, while host cells are preserved
unharmed. The combination of aBLT with additional
modalities or medicines could synergistically increase

bactericidal efficiency. Future studies should concentrate
on assessing aBLT efficiency, clarifying the details of its
mechanism, determining the optimum parameters, and
translating this method into clinical practice.”

Conclusion

Some studies have shown that the application of BLT on
preclinical and clinical models of wound healing in vivo
significantly accelerated the healing process; however, few
studies have explored the bactericidal effect of BLT on
skin injury repair in burn patients. Further preclinical and
clinical studies are suggested to aim at attaining a better
understanding of the bactericidal effect of BLT using
standardized protocols, including different wavelengths
of BLT, during the healing course of infected wounds and
ulcers in healthy and diabetic animals as well as humans.
BLT could be a good option for treating infected chronic
wounds, including hard-to-heal diabetic wounds.
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